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SUBSTANCES IN RAINS A N D  SNOWS 
By HARRY RIBBLE and PAUL BOWMAN 

[Cornell College, Mount Vernon, Iowa] 
(Prepared under the aupervklon of Dr. Nicholss Knight, Department of Chemistry) 

55/* s77 : 55/.5/0 

1825 
Jan. 16 _ _ _ _ _ _ _  
Feb. 8 _ _ _ _ _ _ _ _  
Feb. lfi _ _ _ _ _ _ _  
Feb. 20 _ _ _ _ _ _ _  
Feb. 22 _ _ _ _ _ _ _  
Mar. 1 _ _ _ _ _ _ _  
Mar. 8 _ _ _ _ _ _ _  
Mar. 14 _ _ _ _ _ _  
Mar. 18 _ _ _ _ _ _  
Apr. 9 _ _ _ _ _ _ _ _  
Apr. 16 _ _ _ _ _ _ _  
Apr. 23. _ _ _ _ _ _  
Apr. 25 ___.___ 
Apr. 29 _ _ _ _ _ _ _  
May 3---....- 
May 16 _ _ _ _ _ _ _  
May 16 _ _ _ _ _ _ _  
May 20 _ _ _ _ _ _ _  
June 1 _ _ _ _ _ _ _ _  
June 2 _______. 

T n t s l  in 
p o u n d s  
per acre.- 

JUe3. .  ____._ 

Inchcs 
033 
.33 
.25 
.15 
.10 
.33 
.13 

1.00 
. l o  
.25 
.25 

1.25 
.25 
.65 
.13 . 50 
.10 
.12 
.25 

1.75 

- 2.W 

3 
.50 

Apr. 18 _ _ _ _ _ _ _  
Apr. 24 _ _ _ _ _ _ _  
May 2-------- 
May 13 _ _ _ _ _ _ _  
May 18 _ _ _ _ _ _ _  
May 24 --.... 
May 31 _ _ _ _ _ _ _  

T o t a l  i n  
p o u n d s  
per m e - .  

32.48 
Lba. per 

acre 

.1166 .1m 

.2034 

.3955 

.3618 

.33w 

.lea3 

.3955 

.6215 

.3752 

.a825 

a39c6 

-- 
Lbs. per 

acrn 

.8303 
2.1884 
3.7639 
8.1644 
3.9853 
6.3655 
1.5488 
1.2039 
84788 
None. 
1.1347 

2.6282 

The fsct tbat certain substances are dissolved in rain 
and snow has led to considerable work in the laboratories 
of a great many colleges and universities. This has had 
special attention a t  Cornell College for some years ( I )  
and the following is a report of the quantitative analysis 
covering a period of the. past two years. 
Our special purpose is 40 determine the amounts of 

nitrogen compounds, chlorine, and sulfates in the rains 
and snows of thie locality. 

The work was carried on in a private laboratory free 
from the usual laboratory fumes, the samples were col- 
lected in enamelware pans near the center of the residence 
district of Mount Vernon, Iowa. There are no manufac- 
turing industries within a radius of seventeen miles. 
Throughout the work every possible precaution was 
taken to avoid contamination. Samples were promptly 
collected and determinations were made as soon as 
possible thereafter. 

Altogether 70 samples were analyzed of which 13 were 
snow. Twelve inches of snow were taken to equal one 
inch of rain. In  order to determine the number of 
pounds of each substance thcqt fell per acre, we took 
226,000 pounds to be the wefght of one inch of rain 
on an acre. 

. The preeipation contains varying amounts of chlorine. 
Our theory regarding this is that since the precipitation 
seems to aome from the East, the salt particles are 
probably carried from the Atlantic Ocean. The spray 
on the shore may be caught by the wind and borne 
across the continent, until it  descends in solution with 
the rains and snows. The chlorine was determined with 
hyndredth normal silver nitrate using neutral potassium 
chromate as the indicator. 

The textbook followed in this work was “Quantitative 
Chemical Analysis” by Dr. N. Knight, with occasional 
refemnce to the “Report of Committee on Standard 
Methods of Water Analysis to the Laboratory Section 
of the American Public Health Association. ” 

TABLE 1.-Amounts of certain substances dissolved i n  rain and snow, 
as observed at Cornell College, Mount Vernon, Iowa-Continued 

- 

Jitratas 

:bs. per 
acre 
0.6541 
.I489 . o m  
.0611 

None. 
.0676 
.OK35 
.244a 
. m 5  
.0814 
.3053 
.4070 
.0611 
.07W 
.IO58 
.1221 
.OM 
.2442 

None. 
None. 
.a140 

- 

- 

Nitrites 

Lbr. per 
acre 
0.0068 
.0011 
.0010 
.0013 .mi .m . M13 .m . m 3  
.0051 
. m 7  . OOBl 
.0006 
.0011 
.w .m 

None. 
.0033 
.W51 
.0035 
.Wl6 

- 

- 
Free 

mmonia 
~ 

Lba. per 
acre 
0.3005 .m5 
.3119 
.33w . om 
.5268 
.1175 

1.8080 
.a68 
.67W 
.2543 

1.4125 
.a825 
.4972 
.1763 
.7345 

None. 
.a170 
.2543 

1.3843 
.4520 

- 

3uuates 

Lba. per 
acre 

11. M71 
5.0233 
2.5254 

(1) 
1.m 
.3@7 

2 2307 
2.8228 
1.1347 
7.0403 
4.4282 
1.3492 
6. 0887 

22.3068 
2.9w 
7.3341 
(9 

4.6772 
.a649 

la 7440 
27.3983 

__ 

4lbumi- 
nold 

mmonia 

Lbs. per 
acre 
0.3752 
.488  
.1505 
.3051 
.a60 
.3006 
. 2 w  
.XI10 
.lo17 
.1695 
.1978 
.e475 
.2260 
.m 
.1m 
.33w 

None. 
.2305 . l2eo 
.€sa7 
.7w 

11.4539 

Date Precipi- 
tation :Illorin0 

m. p a  
acre 

0. ‘IBl 
1. om 
,481 
.334 
.241 .m 
.271 

1. 805 
.241 
.1w .m 

2.006 .a 
.834 
.313 
.ma 
.w 
.le3 
.%1 

2.808 
1. €05 

29.792 

.802 
6.418 
2.882 
1.825 
.209 

3.530 
.321 
L 705 
.353 

1.412 
1.886 
.e88 
.876 
.ma 

1.230 
.802 
1.786 
1.211 

9.621 
.m 

1. eo5 
h 767 
2.952 

.883 
1.043 
1.284 
6.776 
8530 
1.361 
2.888 
.669 

1.203 
.802 
1.805 
.%a 

83.837 
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io. sa1 

2.021 

4.6524 

.56M . wi 

.0366 
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.OM7 

.1465 
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.OM7 

.0733 
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.a93 
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.M77 
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.ooo2 

None. 
Trace. 
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Trace. 
Trace. 
Trace. 
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.0081 
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.1446 

.ow3 

.lo85 

. 0 1 a  

.04M 

.1139 

.ox2 

.0339 

.0148 

.OllS 

.oow . 08Y5 

.0226 

.0163 

.1446 

.0271 
,0814 

None. 
None. 
None. 
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0095 

.0814 
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.w7 

.0542 

.0814 .m 

.0316 

2.5010 

~ - 
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- 

.65.6412 
~ 

.3459 
h 2584 
1.6101 
2.0767 
.3459 

9.9834 
4.4282 
..9588 

2.7686 
.3575 

2 . 4 m  
1.8905 
.7749 
.8137 
.w7 
.3651 
.2770 

1. m78 
1.4540 

4.2375 
5.5382 
2.0107 
2.3542 
7.0781 

.3459 . ea19 

.5535 

.9216 
1.7889 
2. a 8 4  
1.5221 
. m 5  
.72S 
.5535 
.8887 
.3681 

72.8139 

1.4945 

- 

__ 

June 15 _ _ _ _ _ _ _  
June 17 _ _ _ _ _ _ _  
June 22 _ _ _ _ _ _ _  
June 24 _ _ _ _ _ _ _  
sept. 20 _ _ _ _ _ _  
sept. 30 _ _ _ _ _ _  
OCt. 3 _ _ _ _ _ _ _ _  
Oct. 5 _ _ _ _ _ _ _ _  
Oct. 6 _ _ _ _ - _ _ _  
Oct. 8 _ _ _ _ _ _ _ _  
Oct. 11 - _ _ _ _ _ _  
OCt. 12 _ _ _ _ _  _ _  
Oct. 25 _ _ _ _ _ _ _  
Oct. 27 _ _ _ _ _ _ _  
Nov. 4 _____._ 

Dee. 5 _ _ _ _ _ _ _ _  
Dec. 15 _ _ _ _ _ _ _  
NOV. 7 _ _ _ _ _ _ _  
NOV. 29 _ _ _ _ _ _  

.om 

.0616 

.0325 

.0326 

(11)139 
.lo86 
.0145 
.0181 
,0018 
,0925 . oE33 
.woI . o m  
.0181 
.1627 
,0161 
.os1 . Mu5 

.m 

4. m 
.Bo 
.10 

2.00 
.20 

1. 00 
.20 
.60 
.70 
.33 
.4 
.50 
.&I 
.50 

1. 10 
.50 

.w 
4.00 
.33 

1.00 
2.00 
.40 

.Ml 

.50 

.27 

.Ml 

.Ml 
1.00 
.26 
.76 .w 

1.00 
.M 

. a5 

.m 

.0362 

. O M  

.ow8 

. l e 7  

.03m .one 

.0814 
0814 

$813 
.I3362 . ob12 
.0226 

.03m 

.0382 

La 

Jan. 4 _ _ _ _ _ _ _ _  
Jan. 12 ______. 
Jan. 28 _____.. 
Feb. 18 ___..__ 
Feb. 25 .__.___ 
Mar. 6 ___.___ 
Mar. 14 _ _ _ _ _ _  
Mar. 28 _ _ _ _ _ _  
Mar. 31 _ _ _ _ _ _  
Apr. 2 _ _ _ _ _ _ _ _  
Am. 6 __._____ T A ~ L E  l .-Amunts of certain substances dissolved i n  rain and snow, 

as observed at Cornell College, Mount Vernon, Iowa 
___ 

Zhlorine 
hlbumi- 

mmonia 
noid Sultates Free 

unmonla 

Lbs. per 

0.7345 
.m34 
.1808 
.3616 
.6085 
.2713 
.a475 
.la 
.1N5 

1.1187 
.m 
.3955 

acre 

Nbites 

- 
Lbs. per 

TIUCe. 
None. 
None. 
.0102 

None. 
None. 
.m7 
.0005 
.m45 

None. 
.0061 

w e  a m  

NItrates 

Lbs. per 
acre 
a 0407 .m1 
.m 
,0326 
.OB16 .1w 
.2239 
.0851 . 0733 
.4826 
.1746 
.m35 

1.8348 
Lbs. per 

acre 
1.203 
.408 
.xu3 
.642 

1. eo5 
1.605 
.802 
.963 

1.665 
1.766 
1.508 
1.203 
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